Abstract N-butyl-2 cyanoacrylate (NBCA) is a liquid embolic material that is widely used in various endovascular procedures because of its permanent and rapid vascular occluding effect regardless of the coagulation profile of the patient. However, NBCA migration to unintended vessels may result in serious complications. This report describes the retrieval of a migrated NBCA cast from the transverse-sigmoid sinus during dural arteriovenous fistula embolization using a transvenous snaring technique.
Introduction
N-butyl-2 cyanoacrylate (NBCA) is the most widely used liquid embolic material in endovascular embolization procedures, especially in cerebrovascular arteriovenous malformation/fistula (AVM/AVF) embolization. 1 NBCA provides instantaneous and permanent occlusion of target vessels regardless of the coagulation profile of the patient. However, NBCArelated complications can arise during endovascular embolization of AVM/AVF lesions, including NBCA migration, occlusion of normal territories, and catheter gluing to the vessel wall. 2 This report describes a case of dural AVF in which a cast of NBCA protruded into the transverse-sigmoid sinus (TSS), and was successfully retrieved by a snare-kit system without complications.
Case presentation
A 77-year-old female presented to our hospital with left-sided pulsatile tinnitus. Left TSS dural AVFs were diagnosed by magnetic resonance angiography and cerebral angiography images. The dural AVFs were fed by numerous arteries from the left middle meningeal, posterior auricular, superficial temporal, and occipital arteries, and by a tentorial artery from the left internal carotid artery (Figure 1(a) ). The dural AVFs were drained into the left TSS with associated reflux into cortical veins of the left temporal and occipital lobes. The treatment plan was to perform selective transvenous and transarterial embolization of the shunted pouches adjacent to the affected TSS to decrease arteriovenous shunts, eliminate the cortical venous reflux, and relieve symptoms.
A 5F guiding sheath (Asahi Intecc Co Ltd, Tokyo, Japan) was inserted through the right femoral artery and was advanced into the left external carotid artery. Then, a coaxial microcatheter system consisting of a 2.6F high-flow microcatheter and a 1.6F microcatheter (Asahi Intecc Co Ltd and Tokai Medical Products Inc, Aichi, Japan, respectively) was inserted through the 5F guiding sheath into a feeding artery from the left occipital artery. An additional 1.7F microcatheter (Excelsior SL-10, Stryker Neurovascular, Cork, Ireland) was inserted through the same 5F guiding sheath into a feeding artery from the left middle meningeal artery. Through bilateral femoral venous approaches, 4F and 5F guiding sheaths (Medikit Co, Tokyo, Japan) were introduced into the left internal jugular vein, and then a 2.4F microcatheter (Leonis Mova, Sumitomo Bakelite Co, Tokyo, Japan) and a 1.7F/3.4F coaxial microcatheter system were advanced through the sheaths toward the left TSS.
The shunted pouch fed by arterial branches from the left middle meningeal artery was occluded by coils through the two microcatheters on the venous side, then 0.5 ml of a 20% NBCA-Lipidol mixture was injected from the arterial side to occlude all feeders from the middle meningeal artery.
Similarly, other shunted pouches fed by arterial branches from the occipital artery were occluded by transvenous coiling followed by transarterial injection of a 25% NBCA-Lipidol mixture. Post-embolization angiography showed that a part of the NBCA cast was protruding into the left TSS (Figure 1(b) ). During the advancement of the microcatheter in the left transverse sinus adjacent to the protruding NBCA cast, the cast was pushed up by the microcatheter; as a result, there was a potential risk of further NBCA cast migration into a pulmonary artery or progressive occlusion of the TSS. An Amplatz GooseNeck Microsnare Kit (Covidien, Medtronic, Minneapolis, MN, USA) was inserted into the left TSS and a 4 mm NBCA cast was successfully retrieved using a snaring technique (Figures 1(c)-(e) ). After retrieval of the NBCA cast, selective transvenous and transarterial embolization of the remaining shunted pouches was performed. The final angiography showed marked regression of the dural AVF with disappearance of the cortical venous reflux and preserved patency of the left TSS. The leftsided tinnitus was dramatically relieved without postembolization complications. 
Discussion
Proximal embolization of the feeding arteries of dural AVF results in incomplete occlusion and early recurrence of the dural AVF due to recruitment of collateral flow to the AVF. 3 Furthermore, this may aggravate the AVF because of angiogenesis that is induced by tissue ischemia in the arterial territories of these embolized arteries. 4 Thus, complete obliteration of the fistulous connections with the draining veins and feeding arteries is required for successful and curative endovascular embolization of dural AVF. So, partial penetration of NBCA inside the venous side of the AVF should be observed to ensure complete embolization of the AVF. However, excessive penetration of NBCA into the venous side can result in unintended venous occlusion and worsening of the venous congestion, or it may migrate to a pulmonary artery. 5 Most of the complications that occur during embolization with NBCA are related to the polymerization time; that is, proximal occlusion of the feeding artery occurs when the polymerization occurs too fast. Conversely, too slow polymerization may cause the glue to occlude the draining vein or migrate to a pulmonary artery. So, multiple factors such as NBCA concentration, the distance between microcatheter tip and the fistulous point, injection speed, and the blood flow rate through the AVF should be properly adjusted. 5 In the represented case, the NBCA concentration was 20%-25% to permit a longer duration of injection and deeper penetration of the NBCA through the multiple tiny feeding branches to the proximal portion of the draining vein through the fistulous point. The blood flow rate was slowed by coiling of the venous side prior to NBCA injection; however, NBCA cast protrusion into the main venous sinus lumen was noted. The relatively low NBCA concentration and excessive injection may be the main causes of this complication. The rapid detection and management of the protruded NBCA cast, the low concentration of NBCA, and the well-established transvenous access prior to NBCA injection were factors that may have favored the successful retrieval of the NBCA cast without any complications. Moreover, the incomplete obstruction of the draining vein by the protruded NBCA cast facilitated the insertion and use of the snare-kit system.
Fahed et al. 6 reported the successful use of a Solitaire FR device for the retrieval of a migrated NBCA cast during AVM embolization. However, caution should be taken during the use of such stent-retrieval devices in the venous circulation because veins are known to have more fragile walls than arteries. 6 The use of the Solitaire FR device was unsuitable for the case described here because of the small size of the device relative to the large sinus lumen. To our knowledge, there are no other reported techniques for retrieval of a migrated NBCA cast in the scientific English literature.
Recently, another liquid embolic agent (Onyx) has been widely used for endovascular embolization of dural AVF because of its perceived margin of safety during injection. 7 Unfortunately, Onyx is not available in our country, so NBCA is the standard liquid embolic material used in our institution. However, Wang et al. 8 reported Onyx migration during dural AVF embolization to the heart, lung and inferior petrosal sinus in five cases and unfortunately, the migrated Onyx in these patients could not be retrieved by endovascular methods.
In conclusion, the use of a snare-kit system to retrieve a migrated NBCA cast appears to be a feasible and useful technique in limited cases.
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